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 Designing and Utilizing Biofeedback 
Games for Emotion Regulation:  
The Case of Nevermind
 
 
Abstract 
Biofeedback games have the potential to make gaming 
a deeply personal experience by linking the gamespace 
to each player’s physiological state. First, this paper 
describes the psycho-educational potential of the 
horror-themed biofeedback game Nevermind. In 
Nevermind, players’ heart rate is continuously read into 
the game which in turn adapts to the player’s 
momentary levels of negative affective arousal. Greater 
negative arousal causes the game and its horror-
themed settings to become more disturbing. As a 
result, Nevermind challenges players to improve their 
emotion regulation skills by encouraging them to 
healthily down-regulate their negative affective states 
in the face of stressful situations. Second, we share 
how Nevermind implements two valuable design 
principles to maximize player engagement. Finally, we 
describe a recent study conducted on 47 players. We 
discuss potential physiological metrics which may be 
useful for understanding how behaviors in the real 
world relate to those in biofeedback games like 
Nevermind. 
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1.1 The game: Nevermind 
Developed by Flying Mollusk, Nevermind is a horror-
themed biofeedback game played from the first person 
perspective [13]. The game casts players in the 
fictional role of a Neuroprober, a therapist of the future. 
As a Neuroprober, players enter the minds of Clients 
who suffer from life hindering psychological distress. 
Each Client serves as a self-contained level whose 
completion is achieved when players discover the root 
cause of their Client’s distress. To do so, players must 
navigate each Client’s nightmarish subconscious, 
solving puzzles to unlock fragmented memories. 
Players must think like a detective by attending to the 
game’s details which help illustrate how these 
fragmented memories fit together to tell each Client’s 
true story. Thus, at the conclusion of each level, 
players must identify and correctly order five of the 
Client’s ten memories. Doing so reveals the root cause 
of their Client’s anxiety, and brings closure for player 
and Client alike.  
1.2 Theoretical background: Biofeedback 
and interoceptice awareness 
While Nevermind can be played as a traditional video 
game, the game also prominently utilizes biofeedback. 
Biofeedback refers to a system whereby the player’s 
physiology provides the game with input, and then 
reacts to this input, in turn providing feedback to the 
player. Supporting a variety of input devices (e.g.’s 
Intel RealSense cameras, Garmin Heart Rate Chest 
Strap; a full list is available on the Nevermind website’s 
support page [13]), Nevermind’s biofeedback system 
utilizes players’ heart rate. More specifically, by 
capturing heart rate variability, Nevermind continuously 
tracks players’ degree of negative physiological arousal 
as a proxy for levels of player stress (see Sidebar). The 
more stress players experience, the more difficult the 
game becomes. Thus, increases in player stress are 
matched by the screen becoming progressively 
obscured by static; also, many environments in the 
game become hostile to the player, obstructing his/her 
movement or visibility, and sometimes dealing damage 
to the player (Figure 21). 
Of course, being a horror-themed video game, 
Nevermind is designed to evoke stress, suspense, and 
even mild discomfort. In this way, the game challenges 
players to manage their physiology in the face of 
negatively arousing circumstances. Herein rests the 
promise of Nevermind to experientially teach players 
how to manage stressful situations in their everyday 
lives. In linking players’ physiological states to the 
gamespace, Nevermind seems to engage players’ 
interoceptive awareness. 
Interoceptive awareness (IA) refers to the ability to 
recognize one’s own physiological states [10]. This skill 
underlies our ability to determine things like hunger, 
muscle fatigue, or the accurate source of physical pain. 
But IA is also valuable in the domain of emotion 
regulation, that is, the conscious and unconscious 
means by which we manipulate our experience of  
                                                 
1 The brightness and contrast of all screenshots in this document 
have been increased so that the relevant details described in 
the text are also visible in black-and-white printed versions. 
For color screenshots in their original form, please contact the 
first author. 
Heart rate variability as 
a proxy for stress 
 
Heart rate variability refers to 
the extent to which the time 
between one’s heartbeats 
vary. When calm, heart rate 
variability tends to fluctuate, 
demonstrating that the heart 
is in an easily adaptable 
state, ready to speed up or 
slow down depending on 
one’s needs [1]. When under 
duress, however, heart rate 
variability narrows as the 
body focuses on self-control, 
performance, and on 
maintaining a fixed, high 
level of arousal. Figure 1, 
below, gives an illustration of 
heart rate variability. 
 
 
Figure 1: Heart rate variability 
demonstrated using hypothetical 
heart rate data. 
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 on their own initiative. Crucially, these instances of 
environmental story-telling not only compel players to 
explore, but with each discovery, these discoveries help 
players increasingly feel like they are cultivating their 
own personalized understanding of Client #251. 
3.1 An observational study: Utilizing 
Nevermind’s biofeedback and in-game data 
We recently conducted an observational study to 
examine potential connections between Nevermind 
players’ in-game and real world behaviors. This study 
was motivated by the observations that (1) 
Nevermind’s biofeedback mechanic seems capable of 
engaging (and perhaps training) interoceptive 
awareness, and (2) Nevermind’s design principles help 
make it a highly engaging experience. Forty-seven 
participants (38 males) aged 18 to 24 took part. The 
study was conducted at The University of Southern 
California, and was approved by the university’s ethical 
review board. Below, we describe our procedures and 
showcase heart rate data collected in-game to discuss 
potential analysis strategies and potentially valuable 
insights that this data could afford. 
3.2 Method 
Participants completed an online questionnaire to 
assess how they manage their emotions in everyday 
stressful situations. Participants then came to the lab to 
play through Nevermind’s Client #251 level while 
wearing a Garmin Heart Rate Chest Strap. Playtime was 
restricted to 45 minutes, with 34 participants (72.4%) 
managing to complete the game within the allotted 
time. Participants then completed an exit questionnaire 
assessing their experience when playing the game. See 
Sidebar for a comprehensive list of the measures used 
in this study. 
 
 
 
 
 
75 
55 
Total time = 45:00 
85 
120 
70 
Figure 5: Heart 
rate data from 
three participants 
with heart rate in 
beats per minute 
on the y-axis, and 
time in minutes on 
the x-axis. Each 
graph plots a 
single play session 
from a single 
participant. While 
Nevermind utilizes 
heart rate 
variability for its 
biofeedback 
mechanic, heart 
rate is plotted 
here for ease of 
discussion and 
readability. Gaps 
in lines represent 
missing data. 
Participant 26 did 
not complete the 
level, Participant 
25 did, and 
Participant 42 
requested to end 
the session early 
due to duress. 
(This was the only 
participant in our 
sample to do so.)  
Research materials 
 
 
 Pre-test (emotion regulation): 
 Suppression and 
reappraisal, assessed with 
the Emotion Regulation 
Questionnaire (ERQ) [7]  
 Instrumental social 
support, emotional social 
support, active coping, 
withdrawal, and 
acceptance, assessed each 
with a subscale from the 
COPE [2] 
 Rumination, assessed with 
the Ruminatory 
Response Scale (RRS) 
[14] 
Post-test: 
 Interest/Enjoyment, 
Effort/Importance, 
pressure/tension, and 
value/usefulness, 
assessed each with a 
subscale from the 
Intrinsic Motivation 
Inventory (IMI) [9] 
Total time = 46:00 
Total time = 26:15 
Participant 26 
Participant 25 
Participant 42 
70 
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 3.3 Future steps and potential insights 
Our next goal is to explore whether associations can be 
drawn between how participants regulated their 
physiology while playing Nevermind and how they 
manage their emotions during everyday stress. We 
therefore intend to extract a number of metrics from 
players’ in-game heart rate (variability) data. The hope 
is that we can identify metrics that are informative with 
regards to how players deal with stress in their 
everyday lives.  
Figure 5 (above) presents heart rate data from three 
different participants. While Nevermind utilizes heart 
rate variability for its biofeedback mechanic, heart rate 
is plotted here for ease of discussion and readability. 
The data from these participants were specifically 
selected to demonstrate the general variety in 
physiological reactions across participants, and to help 
illustrate the metrics we think may be informative: 
 Frequency of spikes in negative physiological 
arousal – Comparing Participant 26 (P26) to 
P25, it seems that there is variability in the 
number of times which Nevermind caused 
players’ heart rates to spike. This may be an 
indication of (over-)sensitivity to negative 
emotional stimuli. 
 Speed of recovery – Perhaps more important 
than the number of times Nevermind evoked 
negative arousal, is the speed with which 
participants are able to recover from spikes in 
arousal. Thus, the slopes of the lines coming 
off of a spike may be important. This could be 
a metric of an ability to healthily down-
regulate negative arousal after highly stressful 
experiences. 
 Frequency of dramatic drops in negative 
physiological arousal – Again comparing P26 
and P25, P25 seems to more frequently have 
dramatic drops in heart rate. These may be 
indicative of freeze responses, or perhaps to 
an ability to quickly regulate physiology when 
the situation requires it. 
 Intensity of negative physiological arousal – 
Finally, negative arousal may vary in intensity 
across participants. For example, P42 seems 
to show a resting heart rate of about 80 beats 
per minute, while her heart rate exceeded 110 
beats per minute on a number of occasions. 
This too may be an indication of (over-) 
sensitivity to negative emotional stimuli. 
4 Closing remarks 
This work describes the biofeedback game Nevermind, 
and argues for its potential to help train emotion 
regulation skills. It is our hope that Nevermind 
becomes just one of many interactive experiences to 
engage users’ emotion regulation capacities. To that 
end, we have recruited established psychological 
research to argue for the value of its biofeedback 
mechanic. We have also highlighted design 
characteristics which may be beneficial for future like-
minded projects. Finally, we have discussed some of 
the various ways in which physiological data recorded 
in-game can be of value for understanding human 
behavior outside of the game. We invite others to think 
together with us about how biofeedback games can be 
of both value and entertainment, and how physiological 
data from such games may be of value. 
Late-Breaking Work: Games & Playful Interaction #chi4good, CHI 2016, San Jose, CA, USA
1950
 References 
1. Appelhans, Bradley M., and Linda J. Luecken. 2006. 
Heart rate variability as an index of regulated 
emotional responding. Rev of Gen Psych 10, 3: 
229-240. 
2. Carver, Charles S., Michael F. Scheier, and Jagdish 
K. Weintraub. 1989. Assessing coping strategies: A 
theoretically based approach. Jour of Pers and Soc 
Psych 56, 2: 267-283. 
3. Antonio R. Damasio. 1994. Descartes’ Error. 
Emotion, Reason and the Human Brain. 
Grosset/Putnam, New York.  
4. Füstös, Jürgen, Gramann, Klaus, Herbert, Beate M., 
and Pollatos, Olga. 2013. On the embodiment of 
emotion regulation: Interoceptive awareness 
facilitates reappraisal. Soc Cog and Aff Neurosci 8, 
8: 911-917. 
5. Herbert, Beate M., Herbert, Cornelia, and Pollatos, 
Olga. 2011. On the relationship between 
interoceptive awareness and Alexithymia: Is 
interoceptive awareness related to emotional 
awareness?. Jour of Pers 79, 5: 1149-1175. 
6. James, William. 1884. II.—What is an 
emotion?. Mind 34: 188-205. 
7. John, Oliver P., and James J. Gross. 2004. Healthy 
and unhealthy emotion regulation: Personality 
processes, individual differences, and life span 
development. Jour of Pers 72, 6: 1301-1334. 
8. Lobel, Adam, Granic, Isabel, and Engels, Rutger, 
C.M.E. 2014. Stressful gaming, interoceptive 
awareness, and emotion regulation tendencies: A 
novel approach. Cyberpsych, Behav, & Soc Net 17, 
4: 222-227. 
9. McAuley, Edward, Duncan, Terry, and Tammen, 
Vance V. (1989). Psychometric properties of the 
Intrinsic Motivation Inventory in a competitive 
sport setting: A confirmatory factor analysis. Res 
Quart for Exer and Sport 60, 1: 48-58. 
10. Mehling, Wolf E., Cynthia Price, Jennifer J. 
Daubenmier, Mike Acree, Elizabeth Bartmess, and 
Anita Stewart. 2012. The multidimensional 
assessment of interoceptive awareness (MAIA). 
Plos One 7, 11:1-22. 
11. Niedenthal, Paula. M. 2007. Embodying emotion. 
Sci 316, 5827: 1002-1005. 
12. Pollatos, Olga, Ellen Matthias, and Johannes Keller. 
2015. When interoception helps to overcome 
negative feelings caused by social exclusion. Front 
in Psych 6, 786: 1-8. 
13. Erin Reynolds. 2015. Nevermind. Retrieved January 
13, 2016 from http://www.NevermindGame.com/  
14. Roelofs, Jeffrey, Peter Muris, Marcus Huibers, Frenk 
Peeters, and Arnoud Arntz. On the measurement of 
rumination: A psychometric evaluation of the 
ruminative response scale and the rumination on 
sadness scale in undergraduates. Jour of Behav 
Ther and Exp Psych 37, 4: 299-313.  
15. Sze, Jocelyn A., Anett Gyurak, Joyce W. Yuan, and 
Robert W. Levenson. 2010. Coherence between 
emotional experience and physiology: Does body 
awareness training have an impact?. Emo 10, 6: 
803-814.  
 
Late-Breaking Work: Games & Playful Interaction #chi4good, CHI 2016, San Jose, CA, USA
1951
